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PROPERTIES OF HOT-PRESSED 
'Pa@-C & N b G C  COMPOSITES 

ABSTRACT 

Tantalum carbide-graphite and niobium carbide-graphite 
composites have been prepared by hot-pressing a t  3000' $0 3200°C. 

e f fec t  of metal earbide content upon proper t i  s such a s  f lex-  
u r a l  s t rength,  thermal expansfon, compressive deformation, and 
e l e c t r i c a l  r e s i s t i v i t y  have be rmined, both p a r a l l e l  a 
perpendicular t o  gra in  d i rec t ion .  The r e s u l t s  show tha t  w f t h  
increasing carbide content the following general trends a r e  
observed: 

1)  Higher s t rength 
2) Decreasing anisotropy 

3) 

4 )  Decreasing e l e c t r i c a l  r e s i s t i v i t y  

Decreasing resis tance t o  high temperature 
p l a s t i c  deformation 
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PROPERTIES OF HOT-PRESSED 
TaC-C & 'MbC-C COMPOSITES 

%.a INTRODUCTION 

Metal carbides a r e  the most re f rac tory  of a l l  known 
materials and a l s o  exhib i t  high s t r  ngth. Their use f o r  high 
temperature appl icat ions has been l imited by their  suscep t ib i l i t y  
t o  thermal shock and a l s o  by d i f f i c u l t i e s  i n  the machining of 
d e s i r e d  configurations,  How r, the  incorporation of graphit  
t o  form a series of metal carbide-graphite composites has y i e l d e d  
materials which minimize the undesirable propert ies  of pure 
carbides while exploi t ing t h e i r  high s t rength,  

Investigations conducted a t  IITR'II: have been concerned 
with the fabr ica t ion  of such composites by hot pressing a t  temp- 
e ra tures  of 2600" t o  3250°C. No binders a r e  used i n  t h i s  tech- 
nique, 
these high temperatures i s  the mechanism by which the  raw powder 
mixture i s  consolidated i n t o  a dense two-phase body, 

Solid and/or l i qu id  s t a t e  s in t e r ing  under pressure a t  

The e a r l y  s tud ies  have shown t h a t  addi t ion of any of 
the carbides of titanium, zirconium, hafnium, vanadium, niobium, 
tantalum, molybdenum, o r  tungsten t o  graphit  r e s u l t  i n  strong, 
dense composites. Properties vary depending on the  sys t em and 
carbide content. 
use has been shown by composites incorporating TaG o r  NbC.  Th 
carbide-carbon eu tec t i c  of these systems are reported a s  3450" 
f o r  TaC-C and 3220°C * s 3  f o r  N~C-C. 
temperatures are  exhibited by HfC-C (3150°C and ZrC-C (2900 'C) .  
This paper deals with mechanical prop s of TaC-C and 
a t  both room and high temperatures. 

The g rea t e s t  pot n t i a l  f o r  high t 

1 

so what lower minimum solidus 
3 

,. EXPERIPENTAE PROCEDURE 

The various composites were fabricated by hot  pressing 
binary mixtures of carbon and metal or  metal-carbide a t  temp 
tures  of 2900" t o  3250OC. Calcined petroleum coke having 
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needle-like p a r t i c l e s  was used a s  the carbon source, The mean 
p a r t i c l e  s i ze  of the metal powders was 15p f o r  Ta and lop  f o r  
Nt. Carbide powders were somewhat f i n e r ,  being of the order of 
about 3p. The coke had an  average p a r t i c l e  s i ze  of about 15p, 

After  d ry  blending f o r  1 6  hrs ,  the  metal-carbon mixture 
was hot pressed, using induction heating i n  a 2% in., I D  CS 
graphi te  mold insulated with Thermax (Pig ., 1). I n i t i a l  pressure 
applied was 500 p s i ;  t h i s  l eve l  was maintained u n t i l  a temperature 
of 200OOC was at ta ined a t  which t i m e  i t  was increased t o  3000 p s i  
f o r  the remainder of the processing. Temperature readings were 
taken with an  op t i ca l  pyrometer (L & N brightness type) s ight ing 
in to  the mold through an argon purged s ight  tube,  
80 KW motor generator power source the processing temperature 
was reached i n  approximately 1 t o  1% hrs a t  which t i m e  the  
operation was concluded f o r  m o s t  of the pressings.  

Using an  

In  general ,  higher processing temperatures have been 
shown t o  be desirable ,  This i s  probably due t o  the increased 
diffusion occurring a t  higher temperatures which produces b e t t e r  
bonding between the Nb6 and C and a l so  t o  the higher degree of 
graphite or ien ta t ion ,  

However, upper l i m i t s  i n  temperature a r e  defined. I n  
the fabr ica t ion  of NbC-C bodies, i t  has been found that exceeding 
the sol idus (322OOC)  r e s u l t s  i n  a heterogeneous composite fo r  
graphi te  matrix mater ia ls .  This app a r s  i n  the form of a cone 
having i t s  apex toward the top of the b i l l e t .  A s  Fig. 2 shows, 
the cone area has a high densi ty  of carbide p a r t i c l e s  whereas 
the port ion outside of the cone contains a l e s s e r  amount. The 
extruded mater ia l  shows a eu tec t ic  s t ruc ture  indicat ing a t 
erature  above 3220°C had been a t ta ined ,  

It that t h i s  phenomenon i s  due t o  a combination 
of extrusion around the t o p  punch and react ion with the mold 
wal l  of a mobile eu tec t ic  phase. The reason the cone has i t s  
base a% the bottom graphi te  punch may be due t o  differences i n  
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pressure a t  the top and bottom punches, Although the system is  
designed so  tha t  the sample i s  pressed from both ends, the 
pressure a t  the bottom may be dis t r ibuted i n  par t  t o  the carbon 
black insulat ion under the bottom of the mold. Thus the carbide- 
graphite pa r t i c l e s  toward the top of the charge may be i n  more 
intimate contact and more suscept ible  t o  eu tec t ic  formation. 

With mater ia ls  having a carbide content of 90 vol% o r  
greater ,  sample melting and the r su l t ing  extrusion and react ion 
with the mold i s  much more pronounced, t d  the f ac t  
t ha t  a t  these high carbide concentrations more than 90 vol% of 
the sample would be l iqu id  and l i t t l e  so l id  graphite would be 
avai lable  t o  re ta rd  loss  of mater ia l .  Figure 3 shows t h  
t i c  s t ruc ture  with excess graphite which can occur. Thus, fab- 
r i ca t ion  of NbC-@ bodies have been conducted i n  t range 3100" 
t o  3200°C so tha t  such lo s s  of mater ia l  might be avoided. 

This i s  du 

Composites i n  the TaC-@ system have been hot pressed 
a t  temperatures of 3200" t o  3250'C. A closer  approach t o  the 
eu tec t ic  temperature of 3450°C i s  r e s t r i c t ed  by p rac t i ca l  l imita-  
t ions such a s  the l o w  creep resis tance of the graphite molds. 
This i s  ref lected i n  changes i n  plunger lengths ranging from 10 
t o  20% depending on the pressing temperature, 

%PI EVALUATION OF PROPERTIES 

A number of compositions ranging from 20 t o  80 vol% 
carbide have been prepared i n  each of t h  two systems, Th 
b i l l e t s  were sectioned in to  samples of both gra in  direct ions 
f o r  evaluation. The i n i t i a l  examination involved density 
ments, analysis  f o r  metal content and microstructural  s tudies .  
Physical propert ies  which have been determined includ 
s t rength,  thermal expansion, high temperature compres 
mation, and l imited data f o r  t e n s i l e  and compressive s t rengths ,  
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A .  

Density determinations w e r  made by both precis  
ments of dimensions and w ight  and a l so  be wat 
niques, I n  general, d s have ranged from 95 t o  98% of 
theore t ica l .  Care was %a t o  determine accurately t h  
metal content i n  thes  evaluations,  The analysis  csnsisted of 
oxidizing the r a stream sf 
a t  900°C t o  obtain the metal oxid iz ing t h e  earbon 
component a s  CO and/or GO2” 

ac tua l  amounts of metal i n  the samples, 
Gravimetric analysis  r 

B. 

Much of the physical prop s evaluation has been 
concerned with 4-point fl xural  s t rength measurements. Thes 
tests a r e  r e l a t ive ly  simple and sampl configurations ar 
eated eas i ly .  In  view of the l a rg  number of eompositions and 
systems which were investigated on our program, f lexura l  s t rength 
determinations were used t o  g iv  a rapid indicat ion a s  t o  rela-. 

chanical behavior 

a, Effect of Carbide Content: NbC-C 

The da%a i n  Fig,  4 r sents  the highest s t rength eom- 
s observed for the  NbC-C s y s t  e% t o  eompssition, 

A t  20 vel%, W/G st rengths  of about 15,000 p s i  and A / G  str 
of about 4000 p s i  can b ed, A t  a earbide content of 
86 veal%, s t rength i n  the 
The relat ionship of high 
contents appear to be l inear  f o r  the WIG d i rec t ion  and c u r v i l i  
f o r  the A / G  d i r  c t ion ,  The anisotropy r a t i o  drops from a valu 
over 4 t o  1.4 a t  86 vol% NbC. This can b 
isotropic  carbide bees s the  dominant p eomposites, 
A s  seen i n  microstructures f o r  t h  86 VOX% NbC compos 
Pigs ,  5 and 6,  some d i r e c t i o n a l i t y  can be s 

etion i s  close t o  20,000 p s i ,  
ngths with incr ased carbid 
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phase i n  the  W/G direct ion.  
not observed in  the A/G di rec t ion .  

T h i s  o r ien ta t ion  i s ,  of course, 

Extrapolation of the curve t o  pure NbC would suggest 
a s t rength of about 28,000 p s i .  Preliminary tests conduct 
a material prepared by hot pressing of stoichiometric amounts 
of niobium and carbon reveals  t h i s  value t o  be val id .  Higher 

4 values ranging from 36,000 
been reported i n  the l i t e r a t u r e ,  
pa r t i cu la r  raw materials , i e , lop niobium metal plus calcined 
petroleum coke, and our processing methods, w e  a r e  obtaining 
bodies having somewhat low strengths .  It i s  possible that  with 
the use of f i n e r  p a r t i c l e  s i z e  powders of metal or  carbide o r  
even a d i f f e ren t  carbon source, higher s t rength  composites may 
be real ized.  

t o  54,000 p s i 5  f o r  pure NbC have 
It would appear that using our 

2 .  

It i s  i n  the  area of high temperature performance t h a t  
carbide-graphite composites take on significance.  As shown i n  
Fig.  7 ,  a l l  of the NbC-C composites were of higher s t rength  a t  
2000°C than a t  room temperature, This i s  probably a contribu- 
t i o n  of the graphi te  phase which can be expected t o  be strong 
a t  the higher temperatures. The peak i n  s t rength appears t o  be 
a t  2000°C f o r  the composites, with low r s t rengths  a t  2500°C 
where pure graphi te  usually peaks. 
2500°C the high temperature p l a s t i c  behavior of pur 
t o  become a dominant force.  

It would appear t h a t  a t  
NbC begins 

3 .  Effect of Carbide Content: TaC-C 

An especial ly  sa t i s fy ing  aspect of our s tud i  
the  fabr ica t ion  of strong TaC-C composites, Early wor 
on a t  temperatures of 2808" t o  3000°C had produced weak, f r i a b l e  
bodies, However, r a i s ing  the fabr ica t ion  temperature t o  over 
3200°@ resu l ted  i n  dense, well-bonded composites, The s t rength 
vs carbide content curves (Fig. 8) a r e  s i m i l a r  t o  those f o r  the 
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NbC-C sys tem.  
a t  20 vol% TaC t o  1.5 a t  80 ~ 0 1 % .  Examination of the micro- 
s t ruc ture  of the 80 vol% composite revealed strongly oriented 
graphite p a r t i c l e s  i n  a carbide matrix (Figs. 9 and 10) .  

The anisotropy r a t i o  drops from a value of 5.6 

The data point seen a s  19,000 p s i  a t  20 vol% was f o r  
a b i l l e t  which w a s  probably fabricated a t  temperature near 3400°C. 
This was the only TaC-C composite which reacted w i t h  the  mold, 
and a coning e f f e c t  previously described f o r  NbC-C had a l s o  
occurred. However, such high temperatures are  extremely d i f f i -  
c u l t  t o  predict  and control ,  so  the majority of the bodies w e r e  
fabr icated i n  the range 3200" t o  325OoC, 

4 ,  Effect of Temperature: TaC-C 

A s  was the case with NbC-C bodies, a11 materials showed 
higher s t rengths  a t  2000°C (Pig. 11) and a decline i n  s t rength 
a t  2500°C. A t  2800"C, a l l  of the  NbC-C composites had exhibited 
strong p l a s t i c  deformation and could not be s t ressed t o  f a i l u r e .  
Although creep w a s  a l s o  displayed by TaC-C bodies, it was con- 
siderably less and f r ac tu re  points were obtained. 

I n  both systems,  it i s  in te res t ing  t o  note t h a t  even 
the high carbide materials i n  which the carbide i s  the  dominant 
phase, showed increased s t rength  a t  2000°C. The 2000°C st rength 
of pure TaC i s  l i s t e d  a t  17,000 p s i  by Shaffer4 and a l s o  by 
Johansen.' This value i s  almost doubled by the  80 vol% TaC 
composite, and may be due t o  the  small amounts of graphite ac t ing  
as crack stoppers. There i s  a l s o  the  p o s s i b i l i t y  t h a t  some 
stresses brought on by difference i n  thermal expansion may 
ac tua l ly  act  t o  strengthen the mater ia l  a t  2000°Ca I n  Fig. 1 2  
the varying amount of p l a s t i c  deformation i n  f l exura l  s t rength 
tests a t  elevated temperatures can be seen, 

c ,  
Thermal expansion behavior has been examined a t  tempera- 

tu res  up t o  23OO0C0 Figure 13 shows t h i s  property a s  a function 
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of carbide content i n  the  TaC-C system. 
behavior a s  the carbide becomes the dominant force i s  qui te  
evident, Figure 14, which reveals the behavior of the NbC-C 
system i s  qui te  s imi l a r .  In  both systems, e s sen t i a l ly  i so t ropic  
behavior i s  indicated a t  a carbide content of about 90 ~ 0 1 % .  The 
values observed for  the 86 vol% NbC and 80 vol% TaC samples a r e  
qu i t e  c lose t o  those fo r  the pure carbides. 

The trend toward i so t ropic  

In the CTE evaluations, permanent dimensional changes 
were seen t o  occur fo r  graphite matrix materials.  These changes 
were an increase of up t o  1% i n  the A/G di rec t ion  and a decrease 
i n  the WIG d i rec t ion  of about .5%. Such changes were inversely 
related t o  carbide content and were no t  observed i n  the high 
carbide materials.  These a r e  probably due t o  a re laxat ion of 
s t resses  imparted t o  the composite during hot pressing, 

D, High Temperature Creep 

A s e r i e s  of experiments were conducted t o  determine 
compressive deformation under the conditions 2700"C/2000 p s i /  
30 min.. Under these r e l a t i v e l y  moderate conditions, changes were 
a l l  qu i te  limited a s  shown i n  Fig .  15. The curves indicate  two 
trends: 

1) Creep behavior i s  re la ted  t o  increasing carbide content. 
2) TaC-C composites a r e  more r e s i s t a n t  t o  creep than NbC-C 

bodies. 
The superior performance of TaC-6 bodies a s  compared t o  t ha t  f o r  
NbC-C might be expected i n  consideration of the melting points 
of 4O0O0C fo r  TaC and 3500°C fo r  NbC. 

Recently, experiments were conducted i n  flexure a t  
2 4 O O O C  and 8000 p s i  i n  an attempt t o  magnify changes fo r  c l a r i f f -  
cat ion of compositional e f f ec t s .  The trend toward grea te r  de- 
formation with increasing carbide content appears t o  hold. An 
in t e re s t ing  r e s u l t  has been tha t  under these severe conditions, 
80 vol% NbC-C samples exhib i t  more than 10 t i m e s  the  creep 
shown by an equivalent TaC-C sp  
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E. 

ies which have been determined include 
compressive and t e n s i l e  strengths a t  room temperature, In  
general, compressive s t rength values for  graphite matrix mate- 
r i a l s  were 2 t o  2.5 t i m e s  higher than f lexura l  strengths.  These 
r a t io s  increase with higher carbide materials t o  values of 4 t o  
6. The highest strengths which have b 
p s i  fo r  86 vol% NbC-C and 120,000 p s i  fo r  80 vol% TaC-C, 

Tensile t e s t s  have been conducted with pin-typ 
specimens a s  shown i n  Pig. 16. Strength valu s which have been 
determined fo r  high carbide content materials are:  

1) 73 vol% NbC - 18,610 p s i  
2) 84 vol% NbC - 21,200 p s i  
3) 80 ~ 0 1 %  TaC - 19,550 p s i  

These values a re  qu i t e  high i n  l i gh t  of f lexura l  data ,  the r a t i o  
being about 1,2 t o  1.4 fo r  f l exura l  t o  t ens i l e .  The r a t io s  
observed fo r  graphite var ies  from about 1.4 t o  2.0,’ and f o r  
carbides, 2 o r  higher, 8 

F .  Effect of Heat Treatment 

A s  pointed out  e a r l i e r ,  dimensional changes have been 
seen t o  occur wh n samples were heat t rea ted  a t  elevated temp 
tures ,  Another e f f ec t  which has been observed i s  improvement 
i n  s t rength f o r  poorly bonded NbC matrix composites, 

The data i n  Table I present changes i n  r e s i s t i v i t y  and 
f lexura l  s t rength fo r  composites containing 73 vol% f i e .  Per- 
manent decreases i n  r s i s t i v i t y  occurred f o r  a l l  sampl 
were par t icu lar ly  pronounced fo r  some of the C3-8ONb specimens. 
The f lexura l  strengths of the heat-treated samples confirm the 
improved bonding suggested by t h  changes i n  e l e c t r i c a l  
r e s i s t i v i t y ,  

I I T  R E S E A R C H  I N S T I T U T E  



These particular annealing conditions failed to change 
the properties of graphite matrix composites and TaC-C samples. 
Thus, it would appear that improvement in strength occurs due to 
improved bonding by sintering rather than by relief of stresses. 
The heat treatment s subsequent to hot pressing can be quite 
important in obtaining sound materials and of qual importanc 
is the dimensional stability which would be achiev d prior to 
actual use at elevated temperatures, 

IV, SUMMARY 

In summary, our work with hot pressed TaC-C and NbC-C 
composites has suggested optimum fabrication parameters and a l s o  
mechanical behavior which may be expected The beneficial ef feet 
of higher processing temperatures in obtaining dense, well-bonded 
composites is quite clear. The limiting factors are excessive 
loss of material through extrusion and reaction with the mold. 

Certain trends exist for mechanical behavior with in- 
creasing carbide content, They are as follows: 

1) Higher strengths 
2) Isotropic behavior 
3)  Susceptibility to high temp rature cre 

In comparison of systems, TaC-C composites are significantly 
more creep resistant than NbC-C bodies. 

Our future work will be concerned with further charac- 
terization of chanical and thermal properties Additional 
studies will a l s o  consider a closer look at the effect of raw 
materials and fabrication procedures in s cted compositions. 
Focusing of investigations into more specific areas is a logical 
follow-on to the fairly broad studies conducted to date, 
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Fig. 2 - "CONING" EFFECT IN Nb-C COMPOSITE SHOWING HETEROGENEITY 
IN CARBIDE CONTENT AND FORMATION OF EUTECTIC STRUCTURE 
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Fig. 3 - MICROSTRUCTURE OF ZONE ON RECRYSTALLIZED MELT 
IN 73 VOL% NbC-C COMPOSITE SHOWING EUTECTIC 
STRUCTURE (ZOOX) 
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’ -  

Fig.  5 - MICROSTRUCTURE OF 73 VOL% NbC-C COMPOSITE 
IN W/G DIRECTION SHOWING OREINTATION 
OF GRAPHITE PHASE (320X) 
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Fig. 6 - MICROSTRUCTURE OF 73 VOL% NbC-C COMPOSITE 
IN A/G DIRECTION SHOWING LACK OF ORIENTATION 
OF BOTH PHASES (320X) 
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Fig. 9 - MICROSTRUCTURE OF 90 VOL% TaC-C COMPOSITE 
I N  W/G DIRECTION SHOWING ORIENTATION 
OF GRAPHITE PHASE ( 3 2 0 X )  

Fig.  10 - MICROSTRUCTURE OF 90 VOL% TaC-C COMPOSITE 
I N  A/G DIRECTION SHOWING LACK OF ORIENTATION 
OF BOTH PHASES ( 3 2 0 X )  
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Fig. 12  - FLEXURAL STRENGTH TEST SPECIMENS 
SHOWING MTENT OF PLASTIC DEFORMATION 
OF VARIOUS TEMPERATURES 
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Fig .  14 - COEFFICIENT OF THEHMAL EXPANSION V S  COMPOSITION 
FOR NbC-C COMPOSITES (RT - 2300OC) 
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F i g .  13 - COEFFICIENT OF THERMAL EXPANSION VS COMPOSITION 
FOR TaC-C COMPOSITES (RT - 2300°C) 

-23- 



0 

m 

0 
0 
rl 

0 

0 

c\l 

0 

rl 

0 

-24- 



t 

F i g .  16 - SPECIMEN CONFIGURATION 
FOR TENSILE TESTING 
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